1. The effectiveness of conservation measures such as marine protected areas (MPAs) for the conservation of cetaceans is determined by how well their home range or critical habitat is covered. The present study seeks to provide information on the site-fidelity and movement patterns of individual bottlenose dolphins (Tursiops truncatus) in central Argentina.
INTRODUCTION
For decades, bottlenose dolphins have been among the most frequently observed cetacean species in Argentinean coastal waters (Würsig, 1978; Würsig and Würsig, 1979) . Since the 1980s, however, this situation has changed. Increased research in Argentina (Bastida and Rodríguez, 2003; Vermeulen and Cammareri, 2009; Coscarella et al., 2012; Fruet et al., 2014; Vermeulen and Bräger, 2015) has revealed serious population declines over past decades and an apparent population fragmentation for the species in this part of the south-west Atlantic. In Argentina, nowadays only infrequent and isolated observations of bottlenose dolphins are reported from areas where they were once very common (Bahía Samborombón and Bahía Blanca: Bastida and Rodríguez, 2003; Peninsula Valdés: Coscarella et al., 2012; Bahía Engaño: Coscarella and Crespo, 2009 ; see also Figure 1 ). Currently, sightings remain common only in central Argentina (Vermeulen and Cammareri, 2009) , although numbers in this region also appear to be declining (e.g. only 40-83 individuals left in Bahia San Antonio in 2009-2011 according to Vermeulen and Bräger, 2015) .
Conservation strategies for marine species frequently concentrate on the protection of limited geographical areas through the creation of marine protected areas (MPAs). However, this may be ineffective for cetaceans owing to their high dispersal capabilities (Hoelzel, 1994; Agardy et al., 2003) . Generally, the degree of protection a MPA affords can be assessed as a function of species' dispersal distance and site-fidelity (Kenchington, 1990) . As gene flow and area-based mitigation measures depend on mobility and connectivity, the movement patterns of a species play a key role in conservation. Therefore, the present study seeks to provide information on the site-fidelity and movement patterns of individual bottlenose dolphins in central Argentina based on photographic identification. In light of these data, the currently established conservation efforts for the species in the country are discussed.
METHODS

Study areas
Bahía San Antonio (BSA, 40°45´S 64°54´W; Figure 1 ) is a shallow bay (<30 m), located to the north-west of the San Matías Gulf (SMG). An MPA was created in this bay in 1993 (Provincial law of Río Negro N°2 670/93). As its main focus is based on the ecology of shorebirds, the jurisdiction of the MPA was limited to the intertidal zone, i.e. only to the low-tide mark. However, this was changed in 2008, when limits were moved to increase the marine surface covered by the MPA from 99 km 2 to 597 km 2 Figure 1 . Map indicating the four study areas Bahía San Antonio (BSA), Río Negro Estuary (RNE), Bahía San Blas (BSB) and Bahía Blanca Estuary (BBE). Distances along the coastline are presented. Extralimital locations where bottlenose dolphins have been observed, although only rarely and in low numbers, are also indicated (i.e. Bahía Samborombón (BS), Península Valdés (PV) and Bahía Engaño (BE)). (Giaccardi, 2014) . Owing to the importance of the area for migrating shorebirds, it was internationally recognized as a 'Western Hemisphere Shorebird Reserve Network Site' (González et al., 1996) . Although commercial fishing activities have been limited, the area is still designated for 'multiple use' and includes a deep water port (Puerto San Antonio Este), a chemical plant producing sodium carbonate as well as artisanal and recreational fishing, whale-and dolphin-watching activities and the frequent presence of recreational water users (e.g. jet-skis, motorboats) (Giaccardi and Reyes, 2012) .
The Río Negro Estuary (RNE, 41°04' S, 63°50' W) is an area with turbid waters, islands, sandbars, channels and saltmarshes, located at the north-eastern border of the SMG. The Río Negro River, the longest river in Patagonia, discharges into this region and separates the Provinces of Buenos Aires and Río Negro politically from each other. Although not included in an MPA, this estuary is located adjacent to the MPA Punta Bermeja created primarily to protect a large colony of South American sea lions (Otaria flavescens) (Giaccardi, 2014 (Giaccardi and Tagliorette, 2007; Sotelo and Massola, 2008; Giaccardi, 2014) . The area is now very popular for recreational fishing activities because of the high productivity in the area (Lucifora, 2003) .
Bahía Blanca Estuary (BBE, 39°25'S, 61°15'W) is located in the south of the Province of Buenos Aires. It is a large and complex estuary system with periods of high freshwater inflow from the Río Colorado River (Piccolo and Perillo, 1990) . It is the second largest and the most complex estuary system in the country. A large number of channels separated by islands and wide tidal flats give it physical characteristics that vary significantly from all other estuary systems in South America (Piccolo and Perillo, 1990) . Despite the presence of Argentina's second largest port and a large urban area (>300 000 inhabitants), the islands and marshes in this estuary were included in an MPA established in 1998 (Provincial law of Buenos Aires N°12.101/98). The MPA is designated to be of 'multiple use', and covers a total water surface of 1800 km 2 (Giaccardi and Tagliorette, 2007; Giaccardi, 2014) .
Data collection
A standard photo-identification method (Würsig and Würsig, 1977) was used to photograph as many dorsal fin profiles as possible regardless of the presence of obvious marks. Such images were taken using a digital SLR camera with a 200-400 mm zoom lens, and aimed to capture the long-lasting natural marks on the dolphins' dorsal fins used for individual identification (Würsig and Jefferson, 1990) . Dolphins identified to be closely accompanied by a calf on at least two different occasions were assumed to be females (Mann and Smuts, 1999; Grellier et al., 2003) . The sex of 14 other dolphins identified in BSA was determined through genetic analysis of well-marked and sampled individuals (Fruet et al., 2014) . Adults were defined by their large size, darker coloration and a higher number of permanent marks on the edge of their dorsal fins and flanks, whereas immatures were defined as individuals of similar size to an adult but with a lighter coloration and an overall lack of severe scars and marks on their dorsal fins and flanks. Furthermore, the latter were no longer in close association with an adult.
In total, 326 systematic photo-identification surveys for bottlenose dolphins were conducted in BSA between 2007 and 2011. Of these surveys, 197 were land-based and 129 were conducted from a small, outboard-powered inflatable boat. These boat-based surveys followed randomly chosen survey tracks, covering at least half of the study area each time. The total effort resulted in 1390 h during which 386 dolphin groups were observed and >10 000 dorsal fin pictures were obtained for individual identification purposes. Furthermore, additional mark-recapture data were obtained opportunistically on 30 other occasions, i.e. not during dedicated surveys (Table 1) .
Outside BSA, survey effort was reduced resulting in 4356 photo-identification pictures collected between 2007 and 2013, using digital SLR cameras. Of these images, 110 were taken in BBE, 46 in BSB and 4200 in RNE (Figure 1 ). The number of daily surveys during which these pictures were collected, as well as the number of identifications and re-sightings from each study site, is detailed in Table 1 . In these three north-eastern study areas, photo-identification pictures were taken more infrequently and not all seasons are represented equally.
Analyses
Image quality was graded 1 (poor quality) to 3 (excellent quality) based on light, focus, distance, water spray covering the dorsal fin and angle of the dorsal fin (Wilson et al., 1999) . Only grade 3 photographs (dorsal fin perpendicular to frame, no water spray, in focus, close distance (i.e. dorsal fin is at least 1/3 of the picture frame) and sufficient light) were further used in analyses to ensure sufficient quality to correctly identify the individual dolphins. Photographs taken during land-and boat-based surveys were used in the analysis.
Residency and site-fidelity were estimated for all identified individuals from the BSA study population that was most extensively observed. To do so, a Residency Index (RI) (Koelsh, 1997; Simões-Lopes and Fabian, 1999; Quintana-Rizzo and Wells, 2001; Lusseau, 2005; Lodi et al., 2008) was calculated as the proportion of the number of months an individual was re-sighted and the number of months with sufficient survey effort (i.e. a minimum of three fieldtrips was chosen conservatively to eliminate months with potentially insufficient coverage of only one or two surveys; n = 45). The distribution of RI values of all individuals was corrected for effort and tested against a Poisson distribution; a Kruskall-Wallis test was used to compare the RI values among years and seasons. Pearson's Correlation Coefficient was used to explore the relation between the individual RI values and the number of years dolphins were re-sighted in BSA.
Movement patterns were assessed through the re-sighting of individuals in different study areas. To correct for any bias due to the high variability in survey effort among the four different study areas, an expected sighting rate was calculated for each individual in each area based on the survey effort within each area (Bräger et al., 2002; Silva et al., 2012) using the equation
where E ij = the expected sighting rate of bottlenose dolphin i in study area j, n i = total number of sightings of bottlenose dolphin i, s j = number of surveys in study area j, and S = total number of surveys. A log-likelihood ratio goodness-of-fit test was then used to compare the observed sighting rates with the expected sighting rates determined from effort data. Based on the individuals identified in BSA, Pearson's Correlation Coefficient was calculated to explore the relationship between the number of years an individual was re-sighted in BSA (as a measure of site-fidelity) and the observed distance it travelled from BSA. The same analysis was conducted to evaluate the relationship between the RI values of each individual identified in BSA and the distance it travelled from BSA. In order to assess the extent of movements, the shortest distances along the coastline (i.e. without crossing land) between different sighting locations were measured using the software program ESRI ArcGIS 10.1.
RESULTS
Residency and seasonal site-fidelity in Bahía San Antonio
In BSA, 67 bottlenose dolphins were individually identified up to 44 times on separate days (median = 16; mean = 17.6; SD = 11.1). Most individuals were identified for the first time in the first two study years after which the identification of new individuals gradually levelled off. By the end of the study, the identification catalogue for BSA contained 67 individuals including 16 adult females, 10 adult males, two immature males, eight immatures of unknown sex and 31 adults of unknown sex. In total, 78% of these individuals (n = 52) were re-sighted in every study year since their first identification. No calves were included in the catalogue as their low number of marks reduces their reliable identification.
The median RI value of all 67 identified dolphins in the BSA study area combined (2007-2011) was 0.24 (Q1 = 0.11; Q3 = 0.36), ranging from 0.0 (for any individual that was seen only once, and thus was never re-sighted) to 0.56 (for an individual that was re-sighted in 25 of the 45 study months), and did not follow a Poisson distribution (λ = 25.7, χ 2 = 68.4, df = 2, P < 0.01). Furthermore, the RI values appeared to be positively correlated with the number of years individuals were seen in BSA (R 2 = 0.53, P < 0.01; Figure 2 ), indicating that dolphins which used the area more regularly throughout the year (i.e. seasonally) also tended to exhibit a higher between-year site-fidelity.
No significant difference was found in the RI values of all identified dolphins over the various research years (K-W H = 2.7, df = 4, P = 0.6). However, when comparing the RI values of all individuals across seasons, dolphins were significantly more often present in winter than in any other season (K-W H = 23.2, df = 3, P < 0.01; Figure 3 ). In total, 28 individuals (43% of the total number of identified individuals) were present in the study area during each winter season since they were first identified. Another 13 individuals were present in the BSA study area during all but one winter season since their first identification. Only two individuals were seen only in one winter season since their first identification.
Ranging patterns
In BBE, photographs allowed the identification of 17 individual bottlenose dolphins. One of them was re-sighted in BBE in three different years, three other individuals were identified in BBE in two different years, and yet another one was subsequently re-sighted in BSB. The other 12 individuals were sighted only in BBE and within the same year.
In BSB, two new individuals could be identified and three other individuals were re-sighted from previous identifications in another study area. Of the latter, one individual was previously identified in BBE and the other two (both adults of unknown sex) were previously identified in BSA (one of which was also re-sighted in RNE).
In RNE, photographs taken allowed the new identification of one individual (sighted only once) as well as the re-sighting of 20 individual dolphins previously identified in BSA. Most of these were subsequently re-sighted on various occasions in both areas, with a minimum interval of 8 days between sightings in both areas (equivalent to a mean travel speed of 25 km day -1 ). Three of these 20 individuals were reproductive females with associated calves, four adult males and one adult female without a calf. All other individuals were adults of unknown sex.
These data, combined with the photo-identification data from BSA, resulted in a total of 87 identified individuals, connecting all neighbouring study areas (Figure 4) . 
SITE-FIDELITY AND MOVEMENT PATTERNS OF BOTTLENOSE DOLPHINS
The highest exchange rate of individuals per survey was found between BSB and BBE (5.9 individuals/100 surveys) and BSA and RNE (4.2 individuals/100 surveys). Exchange rates between all other regions dropped below 1 individual/100 surveys, regardless of distance ( Figure 5 ).
When accounting for the uneven distribution of survey effort, analysis showed that 47 of the 87 individuals (54%) had a geographical distribution of sightings that was not explained by the geographical distribution of survey effort, indicating a site-fidelity to and/or avoidance of a particular area (Table 2) . Assuming an even distribution, the exclusive sighting of 22 individuals only in BSA was unexpected considering the effort in the other regions. On the other hand, 19 individuals were never observed in BSA which was equally unexpected considering the good sampling effort in this area. Using data from the 67 animals identified in the main study area BSA, no correlation could be found between their RI values and the distance travelled from BSA (R 2 = 0.02, P = 0.2), nor between the number of years an individual was seen in BSA and the distance travelled from BSA (R 2 = 0.01, P = 0.4). Similarly, no significant difference was found between the RI values of individuals known to range out of BSA versus the RI values of those individuals only re-sighted in BSA (Mann-Whitney U = 345, P = 0.22).
DISCUSSION
Site-fidelity and movements of bottlenose dolphins in central Argentina provide evidence for long-term site-fidelity in at least one study area (BSA) over all five study years, while also ranging approximately 200 km along the northern coast of the SMG, with few other individuals covering similar distances (180-290 km) between other study sites as well. Although the movements of individuals out of BSA obviously affected their presence in this area during some time of the year, it did not appear to affect their year-round and long-term site-fidelity. The complete absence of re-sightings in BSA of another 19 dolphins identified only in BBE, however, was rather unexpected considering the concentration of sampling effort. The distance between BSA and BBE (470 km) is well within the maximum known ranging distances recorded for the species (>500 km: Wells and Scott, 1990; Mate et al., 1995; Defran et al., 1999; >1000 km: Wood, 1998 Wells et al., 1999; O'Brien et al., 2009) . The higher exchange rates between BSA and RNE in the southern, and BSB and BBE in the northern areas might support the existence of different sub-populations of bottlenose dolphins, that may well interact with each other in overlapping home ranges. Re-sighting rates in BSB were relatively high considering the small effort in this region, suggesting the possibility of a high degree of connectivity. Nonetheless, the low survey effort in the two study areas BSB and BBE suggests that -at least for now -the results should be interpreted with caution.
Bottlenose dolphins living in protected coastal environments with predictably available resources are often reported to display a high degree of residency and long-term site-fidelity while belonging to relatively small communities (Wells et al., 1987; Bearzi et al., 2008; Sprogis et al., 2015) . At the same time, they constitute a highly mobile marine species with high dispersal capabilities and long-range movements (Defran et al., 1999; Hwang et al., 2014) which is believed to promote genetic exchange between populations (Wells, 1991; Möller et al., 2002) . There was a high degree of connectivity among the neighbouring study areas in central Argentina, which constitutes an important finding considering the suspected population fragmentation along the coast of Argentina owing to population declines (Vermeulen and Bräger, 2015) . Whether or not these ranging patterns translate into genetic connectivity remains to be determined, and increased research efforts in areas outside BSA appear necessary for a better understanding of the bottlenose dolphin population structure in this part of the country.
Studies of animal movement patterns have been referred to by Stenseth and Lidicker (1992) as the 'glue between ecology, population genetics, ethology and evolution'. In additional, their results have strong implications for conservation management as such movement patterns will influence the size and effectiveness of protected areas (Hyrenbach et al., 2006) . Area-based conservation measures such as the creation of MPAs have a long history in the conservation of marine mammals (Hoyt, 2011) . Within Argentina, 59 MPAs were created in the 1990s, 30 of which are located in the distribution area of bottlenose dolphins (including the three study areas BSA, BSB and BBE; Tagliorette and Mansur, 2008; Giaccardi, 2014) . However, they appear to have been ineffective so far in preventing the decline of bottlenose dolphin populations in the country (Vermeulen and Bräger, 2015) . Since most marine mammals are highly mobile and can range over vast areas, the success of MPAs depends largely on how well their location corresponds to the population's home range (Hoelzel, 1994; Wilson et al., 2004; Hooker et al., 2011; Silva et al., 2012; Cheney et al., 2014) or critical habitat (Hoyt, 2015) . In a few coastal dolphin populations, MPAs have been shown to be effective when congruence is -at least largely -achieved (Bräger et al., 2002; Gormley et al., 2012) . Therefore, these findings are believed to provide valuable information when improving the effectiveness of Argentine MPAs for the conservation of the bottlenose dolphin as well as prioritizing areas for increased research efforts on the species.
